ABSTRACT. Generally, a conventional culture-based examination procedure (detection by egg-yolk salt agar and subsequent identification by phenotypic tests) for confirmation of the presence of S. aureus (SA) in laboratory mice and rats requires approximately 4 days. To improve the culture-based examination procedure for SA in terms of rapidity and reliability, combined use of chromogenic X-SA agar (XSA) and PCR using newly designed specific primers for SA (XSA-PCR) that can shorten the examination time (25.5 hr) was compared with the conventional procedure for SA. In 425 samples from mice and rats, 193 suspected isolates were detected by egg-yolk salt agar (EYSA), and 216 suspected isolates were detected by XSA. In the subsequent identification, 189 of 193 suspected isolates detected by EYSA were identified as SA by phenotypic tests (97.9%), and all 216 suspected isolates detected by XSA were identified as SA by PCR (100%). All SA-positive samples by the conventional procedure were included in the SA-positive samples by XSA-PCR. As a result, XSA-PCR was superior to the conventional procedure in detection rate and identification rate of SA. Therefore, XSA-PCR appears to be an effective tool for examination of SA in laboratory mice and rats that improves precision and shortens the examination time. Staphylococcus aureus is a ubiquitous bacterium in humans and many animal species including laboratory animals. In laboratory mice and rats, the agent occasionally causes suppurative infections mainly in immunodeficient animals [2, 15, 17] , and it is regarded as one of the important items in microbiologic monitoring of such animals. Rapid confirmation of the presence of S. aureus in laboratory animals is important for microbiological management of laboratory animal facilities.
Staphylococcus aureus is a ubiquitous bacterium in humans and many animal species including laboratory animals. In laboratory mice and rats, the agent occasionally causes suppurative infections mainly in immunodeficient animals [2, 15, 17] , and it is regarded as one of the important items in microbiologic monitoring of such animals. Rapid confirmation of the presence of S. aureus in laboratory animals is important for microbiological management of laboratory animal facilities.
In microbiologic monitoring of laboratory mice and rats, examination of S. aureus is generally performed by culture of samples such as nasal and skin swabs and feces [19] on specific selective agar that contains a high concentration of sodium chloride [5] or potassium tellurite [3, 12] as the selective substance. In our center, cecal samples have been used for examination of S. aureus for over 20 years because Staphylococcus species are known to be distributed in the intestine and cecum of animals [4, 13] . Suspected colonies on selective agar were identified by biochemical tests after passage in non-selective agar. Although these procedures are standard procedures for detection and identification of S. aureus, they require a long time, approximately 4 days (2 days for development of characteristic colonies on selective agar, and 2 days for phenotypic identification including establishment of pure culture on non-selective agar).
Recently, chromogenic selective agars for S. aureus have been developed and have been reported to have high selectivity and sensitivity [6, 9, 14, 16] . On these agars, S. aureus forms characteristic colored colonies due to the chromogenic substrate in the agar. One of them, X-SA (XSA), has also been reported to have high selectivity and good support for the growth of isolates of S. aureus derived from human clinical cases [14] . S. aureus forms distinctive smooth blue colonies within 24 hr of cultivation on this agar.
In the present study, we aimed to improve the culturebased procedure for confirmation of the presence of S. aureus in laboratory mice and rats in terms of rapidity and reliability. To achieve this goal, we selected combined use of XSA for culture-based detection and subsequent polymerase chain reaction (PCR)-based identification (XSA-PCR) as a procedure for rapid detection and identification of S. aureus. The examination time of XSA-PCR until final identification of S. aureus is approximately 25.5 hr (1 day for development of characteristic colonies of S. aureus on XSA, and 1.5 hr for identification by PCR). First, the selectivity of XSA and specificity of S. aureus specific PCR using newly designed primers were evaluated using 88 defined isolates or ATCC strains of Staphylococcus species and other pathogenic or normal floral bacterial species in laboratory mice and rats including 55 defined isolates of S. aureus. We then compared the detection rate of suspected isolates of S. aureus (detection rate) and the identification rate of S. aureus in suspected isolates (identification rate) of XSA-PCR with those of conventional examination procedures for S. aureus (detection by egg-yolk salt agar and subsequent phenotypic identification) using 425 cecal and pus samples from mice and rats.
MATERIALS AND METHODS

Bacterial isolates and strains:
The bacterial isolates and strains used for evaluation of selectivity of XSA and specificity of PCR are shown in Tables 1 and 2 . S. aureus ATCC 12598 was used as the reference strain in this study. All isolates of Staphylococcus species were derived from cecal samples collected from laboratory mice (44 isolates of S. aureus, four isolates of S. xylosus, three isolates of unidentifiable Staphylococcus, 2 isolates each of S. caprae, S. chromogenes and S. delphini and one isolate each of S. capitis, S. gallinarum and S. sciuri) or rats (11 isolates of S. aureus, three isolates each of S. sciuri and S. xylosus and one isolate each of S. warneri and unidentifiable Staphylococcus) using egg-yolk salt agar (EYSA, Eiken Chemical Co., Ltd., Tokyo, Japan) and identified by Gram-staining, the catalase test and biochemical tests using ID Test SP-18 (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan). The four isolates of unidentifiable Staphylococcus were Gram-positive cocci, catalase-positive and coagulase-negative, and ID Test SP-18 produced an ID code of 777777 for them that did not indicate their species names. The characteristics of the colonies of each isolate on EYSA are shown in Table 1 . All isolates of S. aureus produced egg yolk factor on EYSA, and none of the isolates of Staphylococcus species except S. aureus and S. xylosus produced egg yolk factor on EYSA. S. xylosus produced weak egg yolk factor. In addition to these isolates of Staphylococcus, some pathogenic and normal floral bacteria of laboratory rodents were tested (Tables 1 and 2 ). S. aureus (ATCC 12598), Bordetella bronchiseptica (ATCC 19395T), Citrobacter rodentium (ATCC 51459) and Pasteurella pneumotropica (ATCC 35149T) were obtained from American Type Culture Collection (Manassas, VA, U.S.A.). Corynebacterium kutscheri was isolated from a mouse and identified using Api Coryne (bioMérieux Japan, Tokyo, Japan). Escherichia coli and Proteus mirabilis were isolated from mice and identified using ID Test EB-20 (Nissui Pharmaceutical Co., Ltd.). Pseudomonas aeruginosa was isolated from a mouse and identified using Api 20NE (bioMérieux Japan). Streptococcus pneumoniae was isolated from a rat and identified using Api Strep (bioMérieux Japan).
These isolates and strains were frozen at -80°C in a suspended condition in brain heart infusion broth (Difco Laboratories, Detroit, MI, U.S.A.) until the experiments were initiated. For this study, they were reisolated using heart infusion agar (Eiken Chemical Co., Ltd.) under aerobic conditions at 37°C for 24 hr.
Samples: All samples used for comparison of XSA-PCR and conventional procedures are shown in Table 3 . These samples (cecal samples from 320 mice and 95 rats and pus samples from 10 mice) were obtained from mice and rats that underwent microbiologic monitoring at the ICLAS Monitoring Center, Central Institute for Experimental Animals, from June 2007 to November 2007. The mice and rats were obtained from conventional or SPF facilities in Japan. No clinical symptoms or gross lesions that were suspected to be associated with S. aureus infection were observed in any of the animals providing the samples, except for subcutaneous abscesses in 10 mice.
Culture media and phenotypic tests: XSA (Nissui Pharmaceutical Co., Ltd.) and EYSA were used for detection of S. aureus from the samples. XSA is a selective agar for S. aureus that contains a chromogenic substrate. S. aureus forms distinctive smooth blue colored colonies on this agar (characteristic colony on XSA). EYSA is also a selective agar for S. aureus. S. aureus forms smooth yellow colored colonies with opaque areas around them on this agar due to production of egg yolk factor (characteristic colony on EYSA). Heart infusion agar (Eiken Chemical Co., Ltd.) was used for establishment of pure cultures. For biochemical identification of isolates, ID test SP-18 (Nissui Pharmaceutical Co., Ltd.), a biochemical test kit exclusive for Staphylococcus species, was used according to the manufacturer's instructions. Gram-staining and the catalase test were performed according to standard procedures. The coagulase test, which is often used for presumptive identification of S. aureus, was not included in the conventional procedures in the present study because some new coagulase-positive Staphylococcus species have recently been established [7, 10] , and a positive reaction in the test is no longer characteristic of S. aureus.
Inoculation of samples in media and detection of S. aureus: Cecal samples (approximately 0.5 cm × 0.5 cm) were inoculated at one location, first on EYSA and then on XSA, and then spread by sterilized loops. Pus samples were streaked directly with sterilized loops. The inoculated media were incubated under aerobic conditions at 37°C for 24 hr (XSA) or 48 hr (EYSA). Characteristic colonies on XSA or EYSA were regarded as suspected isolates of S. aureus and were identified by phenotypic tests (Gram-stain, catalase test and biochemical tests) or PCR (see below).
Design of PCR primers: Specific PCR primers for S. aureus that target the dnaJ gene have never been reported. Therefore, PCR primers, SADJF and SADJR, were designed for the present study. SADJF (5'-GAC TTT GGC GGT TTT AGT GG-3') and SADJR (CAG CAG GTC CTC CAT TCA C-3') were designed based on the common sequence of the dnaJ genes of S. aureus subsp. anaerobius (AB234057) and S. aureus subsp. aureus (AB234058) in the GenBank database. The annealing positions of SADJF were 229-248 for AB234057 and 230-249 for AB234058 and those of SADJR were 709-727 for AB234057 and 710-728 for AB234058. The expected PCR product size was 499-bp. The specificity of these primers was confirmed by comparison with all deposited data in the GenBank database using the FASTA program.
DNA extraction: A single colony was suspended in 100 µl of TE buffer (Wako Pure Chemical Ind. Ltd., Osaka, Japan, 10 mM Tris chloride, 1 mM EDTA [pH 8.0]) with 10 U of achromopeptidase (Wako Pure Chemical Ind., Ltd.), and the suspension was incubated at 55°C for 10 min. After centrifugation at 18,500 × g for 5 min, DNA was extracted from the supernatants using a DNA extraction kit, Mag Extractor Genome (Toyobo Co., Ltd., Osaka, Japan), according to the manufacturer's instructions.
PCR procedures: PCR was performed for defined isolates and ATCC strains using primers, SADJF and SADJR, in 50-µl reaction mixtures containing 100 ng of template DNA, 200 µM of each dNTP (Takara Bio Inc., Shiga, Japan), 10 µl of 5 × PCR buffer containing MgCl 2 (Takara Bio Inc.), 0.3 µM of each primer and 1.25 U of PrimeSTAR TM HS DNA Polymerase (Takara Bio Inc.) on a GeneAmp PCR System 9700 thermal cycler (Applied Biosystems, Foster City, CA, U.S.A.). The thermal program consisted of 98°C for 1 min; 30 cycles of 98°C for 10 sec, 55°C for 5 sec and 72°C for 30 sec; and a final extension step at 72°C for 1 min. PCR products (5 µl) were analyzed by electrophoresis in ethidium bromide stained 4% agarose gel (Agarose HT, Solon Ind., Solon, OH, U.S.A.) with TAE buffer (Nacalai Tesque. Inc., Kyoto, Japan). The DNA was visualized on an UV transilluminator.
Sequence of PCR products: To confirm amplification of the dnaJ genes of isolates of S. aureus by PCR, both strands of four selected PCR products (2 from isolates from mice and two from isolates from rats) were directly sequenced using PCR primers (SADJF and SADJR) and a dye-deoxy terminator cycle-sequencing kit v1.1 (Applied Biosystems) and an automated DNA sequencer (model 310: Applied Biosystems).
Comparison of XSA-PCR and the conventional procedure: The detection rate and identification rates were compared for the two procedures. In the culture-based detection, the appearance of one or more characteristic colonies on each agar was regarded as detection of suspected isolates from a sample. In subsequent identification, suspected isolates detected by EYSA were ultimately identified as S. aureus by results showing Gram-positive cocci, catalase-positive and clear identification as S. aureus using biochemical test kits. Suspected isolates detected by XSA were ultimately identified as S. aureus by positive PCR results.
When characteristic colonies of S. aureus appeared on only EYSA or XSA, both phenotypic tests and PCR were performed on a characteristic colony of all isolates on the agar and on uncharacteristic colonies of selected isolates on the agar.
Identification of isolates on XSA in S. aureus negative samples: To confirm that the isolates on XSA in the S. aureus negative samples were non-aureus species, phenotypic tests and PCR were performed for uncharacteristic white colonies on XSA isolated from S. aureus negative samples.
RESULTS
Selectivity of XSA:
The results of growth of defined isolates and ATCC strains including S. aureus and other bacterial species on XSA are shown in grew in smooth pale blue colonies, but the color was nearly white and was easy to discriminate from characteristic colonies of S. aureus. One isolate of unidentifiable Staphylococcus did not grow on XSA, and none of the defined isolates and ATCC strains of other bacterial species, except for Corynebacterium kutscheri, grew on XSA. The isolate of C. kutshcheri grew in matte white colonies on the agar.
Specificity of PCR:
The results of PCR for defined isolates and ATCC strains including S. aureus and other bacterial species are shown in Table 2 . The PCR primers, SADJF and SADJR, successfully and appropriately supported synthesis of the expected 499-bp fragment for the strain and all isolates of S. aureus tested. No PCR amplification products were obtained from defined isolates of other Staphylococcus species or defined isolates and ATCC strains of other bacterial species.
Sequences of PCR products: To confirm amplification of the dnaJ genes of isolates of S. aureus by PCR, four selected PCR products were directly sequenced. As a result, all four products showed 100% similarity to the sequence data of the dnaJ gene of S. aureus subsp. aureus (AB234058) in 390 nucleotides except for uncertain sequences at both ends of the sequenced region.
Comparison of the two examination procedures for S. aureus:
The results of detection and identification of S. aureus for 425 samples from mice and rats by conventional procedures and XSA-PCR are shown in Table 3 . In 320 cecal samples from mice, suspected isolates of S. aureus were detected in 112 samples by EYSA and in 118 samples by XSA. Positive results were obtained by both EYSA and XSA for 112 samples. In six samples, characteristic colonies were detected only by XSA, and uncharacteristic colonies (yellow without egg yolk factor production) were detected by EYSA. In 95 cecal samples from rats, suspected isolates of S. aureus were detected in 71 samples by EYSA and in 88 samples by XSA. Positive results were obtained by both EYSA and XSA for 71 samples. In 17 samples, characteristic colonies were detected only by XSA, and uncharacteristic colonies (yellow without egg yolk factor production) were detected by EYSA (Fig. 1) . In 10 pus samples from mice, characteristic colonies of S. aureus were detected in all samples by both EYSA and XSA. In total, 193 suspected isolates were detected by EYSA and 216 suspected isolates were detected by XSA in the 425 samples. In order to identify the isolates, phenotypic tests were performed on the 193 isolates (112 cecal samples from mice, 71 cecal samples from rats and 10 pus samples from mice) detected by EYSA. All except for four isolates were Gram-positive, catalase-positive cocci that were identified as S. aureus by biochemical tests. Four of these isolates showed unclear results in biochemical tests using ID test SP-18 (Nissui Pharmaceutical Co., Ltd.), although they were Gram-positive, catalase positive cocci. Three isolates presented a shared ID code for S. aureus and S. caprae, and one isolate also presented a shared ID code for S. aureus and S. epidermidis. These four isolates were not considered to be positive in the results of this study. All 216 isolates (118 from mouse cecal samples including 112 positive samples by EYSA, 88 from rat cecal samples including 71 positive samples by EYSA and 10 from mouse pus samples) detected by XSA showed positive results by PCR. In total, phenotypic tests identified 189 out of 193 suspected isolates detected by EYSA as S. aureus, and the identification rate was 97.9%. On the other hand, PCR identified all 216 suspected isolates detected by XSA as S. aureus, and the identification rate was 100%.
The isolates with characteristic colonies that were detected only by XSA in 23 samples (six from cecal samples from mice, and 17 from cecal samples from rats) were identified as S. aureus by both phenotypic tests and PCR. Seven selected isolates (two from cecal samples from mice, and five from cecal samples from rats) with uncharacteristic colonies on EYSA from the 23 samples were also identified as S. aureus by both phenotypic tests and PCR.
Identification of isolates on XSA in S. aureus negative samples: Phenotypic tests and PCR were performed for 20 isolates in 20 selected S. aureus negative samples (10 from cecal samples from mice, and 10 from cecal samples from rats). All 20 isolates formed white smooth colonies on XSA and seemed to be pure cultures from their colony morphology. In phenotypic tests, seven isolates were identified as S. sciuri, six isolates were identified as S. caprae, five isolates were identified as S. warneri, one isolate was identified as S. gallinarum and one isolate was identified as S. lugdunensis. All 20 isolates produced negative PCR results.
DISCUSSION
In a comparison of culture-based detection, XSA was superior to EYSA in terms of detection rate for suspected isolates (Table 3) . These results seem to be due to the differences in the properties of the two media. Nakasone et al. [14] reported that the ability to support growth and selectivity for S. aureus of XSA is superior to that of egg-yolk mannitol salt agar, a selective agar for S. aureus that contains a high concentration of sodium chloride as a selective substance in the same way as EYSA. Although the ability of EYSA to support growth of S. aureus is unknown, the ability of XSA to support growth of S. aureus may contribute to a higher detection rate for suspected isolates in XSA than in EYSA. Furthermore, the difference in the detection rate for suspected isolates between the two selective agars seems to be caused by the presence of egg yolk factor production in each isolate. Generally, production of egg yolk factor is regarded to be one of the characteristics of isolates of S. aureus; however Hata et al. [11] reported that most isolates of S. aureus from cow mastitic milk do not show production of egg yolk factor. In the present study, isolates not producing egg yolk factor were also recovered from 23 samples, and at least seven of these isolates were identified as S. aureus. These results suggest that conventional detection methods using egg yolk factor production on media might fail to detect S. aureus.
Most of the isolates detected by EYSA were identified as S. aureus by phenotypic tests, but four isolates from cecal samples of mice were not identified clearly as S. aureus because of a shared ID code indicating two species, S. aureus and S. caprae or S. aureus and S. epidermidis, when Fig. 1 . Results of detection by two selective agars for S. aureus in cecal samples of rats. Characteristic smooth blue colonies were observed on the X-SA agar (A), but characteristic smooth yellow colonies with egg yolk factor production were not observed on EYSA (B). The colony on EYSA indicated by the red arrow was identified as S. aureus by both phenotypical tests and dnaJ targeted PCR. EYSA was incubated at 37°C for 48 hr, and X-SA agar was incubated at 37°C for 24 hr.
tested with ID Test SP-18. To identify S. aureus, additional phenotypic tests not included in the kit, such as resistance to polymyxin B and hydrolysis DNA, are necessary. On the other hand, all 216 isolates detected by XSA showed consistently positive results in specific PCR for S. aureus. Therefore, specific PCR for S. aureus seems to be useful as a molecular identification tool that shows clear results.
In the present study, the dnaJ gene encoding dnaJ was used as the target gene of PCR. DnaJ is a member of the chaperone family that mediates the folding of most newly synthesized proteins in the cell [8] and is distributed ubiquitously in Eukarya, Bacteria and Archaea [1] . Recently, a dnaJ sequence-based assay has been reported to be an effective alternative to the 16S rRNA gene sequence-based assay for Staphylococcus species because the dnaJ gene showed higher discrimination than the 16S rRNA gene in a comparison of nucleotide sequences using 45 Staphylococcal type strains [18] . For design of PCR primers for identification of certain bacterial species, use of genes that are characteristic for the bacterial species as a target is important to eliminate non-specific reactions in PCR. In the present study, we used the dnaJ gene as a target of PCR with the expectation of high discrimination power as mentioned in the previous report [18] .
In conclusion, XSA-PCR was superior to conventional procedures in detection rate for suspected isolates of S. aureus from cecal samples of mice and rats and identification rate for S. aureus in suspected isolates. Therefore, XSA-PCR seems to be an effective tool for confirmation of the presence of S. aureus in laboratory mice and rats that improves precision and is able to shorten the examination time.
